Double stranded human globin cDNA was synthesized by use of viral reverse transcriptase from globin mRNA of cord blood of premature infants requiring exchange transfusions. The cDNA was introduced into plasmids and the recombinant DNA plasmids used to transform E. coli XI776. A number of transformants were obtained. Plasmid DNA from selected colonies was isolated and characterized for the type of globin cDNA it contained by three types of procedures: 1) hybridization to previously characterized 3 H-labeled a,6 and y cDNA; 2) analysis of the size and nature of fragments produced by digestion of the plasmid DNA by different restriction endonucleases; and 3) by rapid DNA sequence analysis of selected DNA fragments produced by restriction endonuclease digestion. Analysis by these techniques of plasmid DNA from different colonies has definitively identified the presence of human a, 8 or y cDNA sequences in different plasmids.
INTRODUCTION
The family of genes encoding the globin polypeptide chains of human hemoglobin includes one 6 chain gene, one 6 chain gene, two a chain genes and two y chain genes, in addition to at least one gene each for the two embryonic (E and c) globin chains (reviewed in Ref. 1). The globin genes are one of the best characterized eucaryotic gene systems available to study problems of gene regulation and the process of differentiation. Extensive structural information is already available for the human s globin chain mRNA and partial information is available for the human a chain mRNA (2-6). There are limitations in performing extensive structural analyses of isolated mRNAs both because of possible heterogeneity (polymorphism) between multiple gene loci for the same globin chain (7), and because of the difficulty in obtaining large quantities of pure mRNA. To facilitate the nucleotide sequence determination of the a and y globin chain structural genes and to provide pure molecular probes for the human globin genes which can be used in mapping experiments of normal and mutant (thalassemic) globin genomic DNA, we have prepared cloned bacterial plasmids Guerry et al (12) . Crude lysates were adjusted with cesium chloride to a density of 1.395 and centrifuged in a Beckman type 40 rotor at 40,000 rpm for 48 hours at 15°C. The plasmid DNA bands,stained with ethidium bromide, were collected, extracted with iso-amyl alcohol, dialysed against 0.3M sodium acetate and precipitated by the addition of 2 volumes of ethanol. The DNA was recovered by centrifugation at 9000 rpm for 10 minutes.
(d) Globin mRNA Isolation
Total reticulocyte RNA was isolated from cells of adults or premature infants (requiring exchange transfusion for neonatal jaundice usually due to Rh blood group incompatibility) by phenol extraction of total red cell lysates as described (13) . Globin mRNA was purified from the total RNA by a two step procedure: sucrose gradient centrifugation followed by oligo (dT)-cellulose column chromatography of the RNA sedimenting between 5s and 16s (14, 15) . Human globin mRNA purified in this manner gives a single broad band (of approximately 200,000 M.W.) without any detectable higher molecular weight RNA when analysed by polyacrylamide gel electrophoresis in non denaturing conditions (15) . When analysed by formamide-polyacrylamide gel electrophoresis, the RNA is resolved into two discrete bands corresponding to the a and B mRNAs, in the-case of human adult globin mRNA, and a third band (y mRNA) is found between a and s mRNA in the case of globin mRNA from fetal or cord blood reticulocytes (14,16). When mRNA prepared in this manner is labeled in vitro with ^2 5 I and subjected to fingerprint analysis, it gives a pattern consistent with a homogeneous RNA species containing essentially only a and B globin mRNA sequences (15); in the case of cord blood mRNA, Y mRNA sequences are also seen. Globin mRNA purified in this manner is at least 95% pure. Globin cDNA synthesized from mRNA of premature newborn cord blood cells was approved for cloning under P3 + EK2 conditions of containment by our institutional biohazard committee and by the NIH Recombinant DNA Molecule Program Advisory Committee, under the provisions of the NIH Recombinant DNA Research Guidelines which allow lowering of containment by one level in the case of embryonic primate material because of the very low probability that such material was ever exposed to horizontally transmitted viruses (17) .
(e) cDNA Synthesis cDNA was synthesized from the purified cord blood globin mRNA using reverse transcriptase as previously described (18) (19) (20) . With single stranded globin cDNA as template, second strand synthesis was accomplished in a self primed reaction (20,21) using either E_. coli DNA poiymerase I (20) or reverse transcriptase (7). The resulting double stranded "hairpin" cDNA molecules were digested with Si nuclease as described (7, 20) to cleave the hairpin structure and convert the cDNA to an open double stranded linear molecule. In some cases, the double stranded cDNA was fractionated by polyacryl amide gel electrophoresis (10) to select the largest ("full-length") double stranded cDNA molecules for construction of recombinant DNA plasmids. (f) Construction of Recombinant. DNA Plasmids Recombinant DNA molecules consisting of plasmid + human globin cDNA were constructed by the dA-dT tailing procedure that has been described previously (10, 21) . For our studies, we utilized the procedure of Roychoudury e_t a\_. (22) for the addition of homopolymer dT tails to plasmid DNA (after cleavage with Eco RI) and dAtails to the globin cDNA. After the addition of the homopolymer tails, equimolar amounts of the two molecules (at a concentration of 0.35 yg/ml of plasmid DNA) were annealed for 3 min at 60°C in 0.1 M NaCl, lOmM Tris-HCl, pH 7.5, and 0.2 mM EDTA. After the 60°C incubation, the molecules were further annealed for 3 hr. at 42°C and then slowly allowed to cool to room temperature. Other recombinant DNA plasmids were constructed by "blunt-end" ligation as previously described (7). 20 ng of the annealed recombinant DNA were used for each individual transformation experiment. (g) Transformation of XI776 by Recombinant DNA Plasmids E_. coli XI776 was transformed by recombinant DNA plasmids according to the procedure of Curtiss et^ aj_. (9). Two ml of an overnight culture of XI776 were diluted into 20 ml of fresh medium and the bacteria were grown at 37°C with shaking until the cell concentration reached 1.5x10^ bacteria per ml. The cells were then sedimented by centrifugation at 8000 rpm and the cell pellet gently resuspended in 10 ml of 10 mM NaCl. The cells were again sedimented as above and gently resuspended in buffer containing 75mM CaCl 2 , 10mM Tris-HCl, pH8.0 and 0.8% NaCl. The bacteria were left at room temperature for 20 minutes and again sedimented as described above. The cell pellet was then resuspended in 2.0ml of the same buffer and 0.2ml of the suspension added to 0.1 ml of plasmid DNA (0.2 ng/ml).The mixture was kept on ice for 25 minutes, rapidly heated to 42°C in a water bath for one minute then replaced at 4°C for 10 minutes. One ml of XT776 culture medium was then added to the suspension. After incubation at 37° for 1 hr, the cell suspension was applied to agar plates containing X1776 growth medium and incubated at 37°C to test for survival of the bacterial cells which was usually found to be approximately 4%. Duplicate plates containing the appropriate antibiotics were cultured to select for transformants. (27) . For these studies, recombinant DNA plasmids were digested with restriction endonuclease Hhal. The resulting products were separated by electrophoresis in a vertical 40 cm long slab gel apparatus as described by Subramanian ejt al_. (28) except that the upper 2/3 of the gel consisted of 6% acrylamide and the lower 1/3, 10% acrylamide. After electrophoresis, the gel was stained with ethidium bromide and the DNA fragment that contained the inserted cDNA sequence (as determined by its different mobility compared to that of the control plasmid DNA fragments) was excised. The gel segment was ground inO.lX SSC pH 7.5 in a Tekman tissue homogenizer. The suspension was then repeatedly centrifuged in a conical glass tube to remove acrylamide. DNA was precipitated by the addition of 2 volumes of cold ethanol. After storage at -70° for 1 hr., the DNA was recovered by centrifugation and dried under vacuum. The isolated fragment was then labeled with 3 2 P at its 5'-termini using bacterial alkaline phosphatase, [ Y 3 2 P ] ATP and polynucleotide kinase as described (3). After labeling, the fragment was recut by a second restriction endonuclease and the resulting products separated again by gel electrophoresis, excised, eluted and sequenced.
RESULTS AND DISCUSSION (a) Transformation Experiments
Transformants of £. coli XI776 by recombinant pMB9 cDNA plasmids yielded 5 to 9x10^ transformed colonies per pg of plasmid DNA. Similar experiments with pCRl-cDNA recombinant DNA plasmids produced a 10 fold lower yield of transformed colonies. This reduction in the frequency of transformation using pCRl probably represents a loss in efficiency due to the increased molecular weight of the pCRl plasmid, as compared to pMB9 (30). In situ hybridization of DNA fixed to nitrocellulose f i l t e r s was performed using 32p_-|abeled human adult globin mRNA prepared as described in Methods. A to E indicate transformed colonies which hybridize to the globin mRNA. R indicates a colony transformed by the rabbit 6 globin cDNA plasmid PeGl. Table 1 . DNA of recombinant plasmids JW1O1
and JW112 gave 65% and 73% hybridization respectively with labeled a globin cDNA but only 6% and 7% hybridization with B globin cDNA. DNA of plasmids JW102 and JW103 showed opposite results. They gave only 4% to 5% hybridization with a globin cDNA but 51% and 84% hybridization respectively with B cDNA. Neither DNA hybridized with y specific cDNA. DNA of plasmids JW151
and JW152 gave 40% and 55% hybridization respectively with human y cDNA but i n s i g n i f i c a n t hybridization with a and B CDNAS. Control.pMB9 DNA gave no s i g n i f i c a n t hybridization with either a or B globin cDNA probes. The insertion of globin cDNA into pMB9 should result in a recombinant Plasmid DNA was hybridized with 500 cpm of 3 H-labe1ed chain specific human globin cDNA in 0.2M sodium phosphate, pH 6.8, and 0.5% SDS for 16 hours at 78°; the percentage of hybridization was determined by SI nuclease digestion a f t e r d i l u t i o n of the 10 pi reaction into 2 ml of SI digestion buffer (26) .
DNA plasmid that shows a difference in mobility compared to native pMB9 DNA after agarose gel electrophoresis. Various purified recombinant plasmid DNAs were therefore compared to native pMB9 DNA with respect to electrophoretic 3? mobility in agarose as well as ability to hybridize with 'P-labeled human globin mRNA by use of the gel blotting technique described by Southern ( 
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Figure 3. Digestion of plasmid DNAs with restriction endonucleases. Lanes A to D: undigested DNA of pMB9 (A), JW101 (B), JW102 (C), and JW103 (D). Lanes E to H: Eco RI digests of pMB9 (E), JW101 (F), JW102 (G) and JW103 (H). Lanes I to L: Bam HI digests of pMB9 (I), JW101 (J), JW102 (K) and JW103 (L). Fractionation was by electrophoresis in
